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FIELD STORE STANDARDS CONVERSION : THE TESTING OF ULTRASONIC DELAY-LINES 



SUMMARY 

The careful design and comprehensive testing of ultrasonic delay lines 
for television applications is essential if a satisfactory performance is to be 
obtained. Both design and testing require close liaison between customer and 
supplier and the ways in which performance is specified and measured are in- 
timately related. An earlier report, EL-13, described the procedure for specifying 
delay~line performance and this report deals with methods of testing completed 
lines. 

The report describes the conditions of test, characteristics to be meas" 
ured, special test signals and measuring apparatus, test procedures and the 
presentation of results. 

Several years of experience in the testing of delay lines have contributed 
to the evolution of methods which give reliable and accurate results and ensure 
that the specification is satisfied in all respects that influence the quality of 
television pictures from delayed signals. 



1. INTRODUCTION 

Ultrasonic delay-lines, which have been in use for 
many years to provide the wide bandwidth delays re- 
quired for data processing and radar systems, are now 
finding applications in television. Apparatus for 
vertical aperture correction, 1 interpolation between 
adjacent television lines, 2 and field-store standards 
conversion 3 all employ ultrasonic delay lines. 

In television applications, the performance of the 
delay line must meet an exacting specification; for 
example, the delay time must be accurate, the band- 
width must exceed that of the television system and 
spurious effects must be imperceptible on the final 
picture. It is therefore essential to specify precisely 
the required performance when ordering from a manu- 
facturer and to test the line very thoroughly when it is 
received. 

The specification of ultrasonic delay lines has 
been fully described elsewhere 4 and the object of this 
report is to describe the procedures used when testing 
ultrasonic delay lines which have been manufactured 
to a prepared specification. The importance of such 
acceptance testing cannot be over-emphasised. The 
basic requirements may be listed. 

Testing methods must: 

(a) Cover all items included in the specification. 
To ensure that no tests are omitted at the time 



of testing it has been found valuable to use one 
or more printed forms. 

(b) Be compatible with the methods of test used by 
the manufacturer. This is particularly important 
in that it avoids ambiguities and misunderstand- 
ings. Preliminary discussions with a manufac- 
turer on the standardization of testing methods 
are particularly valuable in this respect. 

(c) Be sufficiently accurate and defensible in case 
of query or dispute. 

2. TEST CONDITIONS 

Ultrasonic quartz delay lines are tested under 
conditions often different in many respects from the 
conditions under which the line will finally be opera- 
ted. For example, the specification may require the 
transducers simply to be tuned and damped for test 
purposes whereas, in the practical application, a 
complex circuit may be used. This difference is taken 
into account when the specification is first written 
and in the design of the equipment in which the delay- 
line will operate. In certain respects, however, it is 
important that the testing and operating conditions 
are the same. For example, the operating temperature 
for test purposes must be the same as the temperature 
in normal operation because of the dependence upon 
temperature of such parameters as delay, insertion 
loss, response/frequency characteristic and spurious 
signals. 
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3. TEST SIGNALS 

A 'burst' or r.f. pulse, the envelope of which is 
'sine-squared' or 'Gaussian' in shape, has proved to 
be the most versatile signal for delay-line testing. 
In practice, the pulse has a variable repetition fre- 
quency (p. r.f.) and is limited in bandwidth so that its 
frequency spectrum extends + 1 MHz on either side of 
the carrier frequency. This choice of bandwidth 
represents a compromise between conflicting require- 
ments; a narrow pulse (and hence a wide bandwidth) 
is required for the accurate measurement of time- 
delay, whilst a narrow frequency-bandwidth (and 
hence a wide pulse) is required for the accurate 
measurement of frequency-dependent parameters. 

In addition to the above test signal, other forms 
of signal are used to a lesser extent. These comprise 
c.w., swept c.w. and vision signals. 



r.f. oscilloscope. Alternative methods of combining 
are sometimes used and these will be described later. 
The p.r.f. is adjustable and monitored by a counter. 

The modulator can also be switched to a c.w. 
position to supply a constant-amplitude carrier. In 
this case the counter is used to monitor the carrier 
frequency and the r.f. oscilloscope is then used to 
display c.w. signals only. To preserve accuracy, the 
calibration of the counter is periodically checked 
against an external frequency-standard. 

In the construction and use of the test equipment, 
great care is taken to obtain good screening between 
the input and output networks to avoid direct break- 
through and consequent inaccuracy of measurement. 
It is also necessary to achieve a high signal-to-noise 
ratio at the output, to permit the accurate measure- 
ment of low-level signals. 



4. TEST APPARATUS 

Fig. 1 shows the basic arrangement used in the 
testing of ultrasonic quartz delays. The input test 
signal is derived by amplitude-modulating an r.f. 
carrier with the bandwidth-limited pulse. The r.f. 
carrier-input to the modulator is obtained from an 
oscillator whose frequency can be varied over the 
required band. 

It will be seen that the test signal follows two 
paths, one through the delay under test and the other 
through a side-chain formed from a calibrated attenu- 
ator. The two resultant signals, one of which is 
delayed and the other undelayed, are combined in a 
hybrid combining-unit for simultaneous display on an 



5. TEST PROCEDURE 

When carrying out tests on a delay line and partic- 
ularly when first received from a manufacturer, it is 
important that no aspects of the specification are 
overlooked. For this reason the use of printed forms 
has been introduced. The various items of the speci- 
fication are printed in a convenient order on the form 
and any omissions are obvious to the engineer making 
the tests. 

5.1 . Measurements at Room Temperature 

The delay line is given a general visual exam- 
ination as soon as it is received. 
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Fig. 1 - Quartz delay basic test equipment 



The transducer capacitances are measured, both 
for record and design purposes and also as a partial 
check that the delay line has not suffered damage in 
transit. Other measurements are also made at room 
temperature, notably insertion-loss and delay in order 
to obtain figures upon which to base the effects of 
temperature. 

5.2. Operating Temperature 

Most ultrasonic delay lines require to operate in 
a temperature-controlled environment and this is 
achieved by placingtheline in a temperature-controlled 
chamber or oven. An oven is also required for test 
purposes. It must be designed for ease of access to 
the interior, whilst preserving reasonable thermal 
insulation, and the temperature must be continuously 
monitored and adjustable up to about 90°C. A temp- 
erature stability of about + 1°C is satisfactory for 
most tests. To avoid thermal shock to the delay-line 
and to allow time for the temperature to stabilize 
before measurement, it is important to allow the line 
to warm up slowly, usually overnight. 

5.3. Measurements at Operating Temperature 

5.3.1. Insertion Loss and Passband 

Both these measurements are obtained simul- 
taneously in a single group of operations in which the 
response/frequency characteristic is determined. 
Referring to Fig. 1, the attenuator is fed through a 
high-value isolating resistor from the common point 
at the input to the delay-line under test. The attenua- 
tion due to the isolating resistor is previously meas- 
ured and added to subsequent attenuator readings. 
When a measurement is made, the p.r.f. of the pulse 
generator and the time-base of the oscilloscope are 
adjusted to obtain a display of the delayed and un- 
delayed signals, side-by-side on the oscilloscope. 
The attenuator is adjusted to obtain equality of the 
delayed and undelayed signals displayed on the 
oscilloscope and the attenuator reading, plus the 
attenuation due to the padding resistor, give the in- 
sertion loss of the line. Attenuation of the signal 
also occurs in the hybrid combining-unit but this is 
common to both the delayed and undelayed signals 
and therefore need not be accounted for in the meas- 
urement. The procedure is repeated at a number of 
frequencies so as to explore the whole passband and 
the results are plotted in graphical form. 

It is important that minor variations or ripples in 
the response/frequency characteristic should not 
escape detection during these measurements. This 
requirement is covered by determining the frequencies 
at which particular values of attenuation occur, rather 
than the values of attenuation occurring at particular 
frequencies. 1 dB steps are chosen for this purpose 
and the output signal level is continuously observed 
whilst the frequency is slowly varied. A graph of the 
response/frequency characteristic is now plotted and 



the passband is determined by the location of the 
half-power or -3dB points in the characteristic. The 
insertion loss is normally specified as the value at 
the centre of the passband but sometimes as the fre- 
quency of minimum-loss, or peak of the response- 
curve. In applications where many delay-lines are to 
be operated in cascade with a common signal, it is 
important that the passband shall lie within specified 
frequencies rather than merely occupy a particular 
bandwidth. The field-store standards converter 3 is 
the best known application of this type and the need 
for a common passband for the successful trans- 
mission of a signal through the cascade of delay lines 
is readily apparent. 

When the response /frequency characteristic is 
measured in the manner just described, the result is 
affected by the electrical impedance connected across 
the output transducer terminals; loading at the input 
transducer does not affect the results, since both 
signal paths are common and each can therefore be 
regarded as being fed from a zero-impedance source. 
In practice, the specification may state that the 
response/frequency characteristic is to be measured 
in this way, due allowance having been made by the 
designer. However, in some cases it is necessary to 
modify the method of measurement so that the result 
is unaffected by the loading impedance and only the 
true or 'acoustic' response is obtained. Again, this 
must conform to the specification and be allowed for 
by the designer of the associated input and output 
amplifiers. The acoustic response is best described 
as the short-circuit transfer admittance; its measure- 
ment has the advantage of ignoring transducer reac- 
tances, but, since the practical specification of in- 
sertion loss must suppose finite terminal resistances, 
the transducer capacitances must be small if the 
overall amplitude/frequency response is to be reason- 
ably constant. 

Fig. 2 shows a simplified equivalent circuit of 
a delay line and its output transducer. Fig. 3 illus- 
trates two methods used for the measurement of the 
acoustic response. In Fig. 3(a), the outputs of the 
attenuator and the delay line are connected in parallel 
and the inductance is adjusted at each test frequency 
so as to tune-out the capacitance of the transducer. 
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Fig. 2 - Simplified equivalent circuit of delay line 



delay 

under 

test 



wideband p.l. 

amp, oscilloscope 



podding 
resistor 




1 



tuning inductor 
(re-adjusted at 
each frequency) 



delay 
under test 



wideband r. 1. 

amp. oscilloscope 



padding 
resistor 



75Q 
attenuator 



75 



I a ttenuat or I l 



D> 



very low 
value 
hH swamping 
resistor 



rrrr 



75 



attenuator 
termination 



rrtr 



(b) 



Fig. 3 - Alternative methods for measurement of 
acoustic response 

The attenuator is thereby correctly terminated by the 
75Q resistor and the transducer is damped by the 
37-5Q resistance formed from the parallel combination 
of the attenuator and its termination. The method Is 
somewhat tedious, however, because of the need for 
frequent re-tuning and the less accurate method illus- 
trated in Fig. 3(b) is more commonly used. In this 
case a shunt-connected resistor of very low value is 
used to swamp the unwanted effect of the transducer 
impedance. Inaccuracy results because the low resist- 
ance causes heavy attenuation and a reduction in the 
signal-to-noise ratio. In practice it is found that the 
swamping resistor cannot be made sufficiently low to 
ensure that the measurements are of the acoustic 
response alone and small errors are therefore incurred. 

5.3.2. Spurious Signals 

Spurious signals (or secondaries) are observed 
when signals reach the output transducer by other 
than the prescribed path, arriving either earlier or 
later than the main signal. The causes of spurious 
signals are often very complex and a detailed descrip- 
tion is outside the scope of this report. For the pur- 
poses of test, however, they may be classified as 
shown in Table 1 below. 

TABLE 1 



Description 


Abbreviation 


Delay Value 


Direct Breakthrough 


DBT 


Zero Delay 


Third-Time-Round 


TTR 


Three times delay 
of main signal 


Largest-Bef ore-Ma i n 


LBM 


In advance of 
main signal 


Largest-After-Mai n 


LAM 


Behind main signal 



'Direct breakthrough* occurs because of coupling 
between the input and output transducer circuits. 
'Third-time-round' secondaries occur when the signal 
is reflected from the output transducer back to the 
input transducer, where it is reflected again, finally 
to appear at the output. Other spurious signals, with 
no obvious mechanism to explain their appearance, 
are usually clustered in time around the main signal. 
Some delay lines are found to exhibit a large number 
of low-level spurious signals; the amplitudes and 
timings of these are particularly difficult to measure 
although their cumulative effect can, in some cases, 
be considerable. 

The identification (i.e. timing) of spurious signals 
is normally accomplished by systematic variation of 
the pulse repetition frequency and observation of the 
input and output signals on an oscilloscope. This 
process is not of special importance, however, except 
in rare cases or as a means of describing such sig- 
nals to a manufacturer when a line is being returned 
as unsatisfactory. 

The level of a spurious signal is expressed as a 
ratio, relative to the level of the main output signal 
at the same frequency. The measurement of such 
levels is fairly simple in principle and is carried out 
by increasing the gain of the oscilloscope to give a 
convenient deflection when observing the particular 
spurious signal to be measured. The input signal 
from the modulator is now attenuated toobtainthe same 
deflection from the main signal and the attenuator 
reading thus obtained gives the dB ratio of the main 
signal level to the spurious signal level. It is to be 
noted that the measurement of very low-level signals 
depends upon the provision of an adequately high 
signal-to-noise ratio. It is also necessary to use an 
oscilloscope whose gain to low-level signals is not 
impaired by the presence of the very large main sig- 
nal, the equivalent height of which may correspond 
to many diameters of the oscilloscope faceplate. 

Normally, the levels of spurious signals are 
found to vary over the frequency band and the values 
of the stronger signals are plotted on the same graph 
as the response/frequency characteristic. Most delay 
lines are so designed that the levels of spurious 
signals are lowest in the central parts of the pass- 
band, rising in level at the extreme edges. In some 
specifications the tolerable level of spurious signals 
may have different values in different parts of the 
passband. 

5.3.3. Delay 

The specification normally states the required 
delay at a particular operating temperature and at the 
band-centre frequency. 

Using the equipment shown in Fig. 1, the p.r.f. 
of the pulse generator is adjusted to give a time- 
interval between pulses having the same nominal 



value as the time-delay to be measured; thus the 
delayed r.f. output pulse will be displayed on the 
oscilloscope at approximately the same time as the 
next, undelayed pulse. The p. r.f. is now carefully 
adjusted, in conjunction with minor adjustments of 
the carrier frequency, until the delayed and undelayed 
pulses are brought into coincidence and are seen to 
cancel. Some slight adjustment of the relative pulse 
amplitudes may also help, but perfect cancellation 
is not necessary to obtain an accurate measurement. 
The counter is connected to the output of the pulse- 
generator for this measurement and hence gives a 
direct indication of the delay. By comparison with 
the value measured earlier at room temperature, the 
temperature coefficient of delay can also be deter- 
mined. 

The above method of delay measurement is satis- 
factory for most practical delays and is capable of an 
accuracy limited only by the accuracy of the counter 
and the care of the operator. In a practical test, 
however, where it is required to measure the delay at 
a particular operating temperature, the accurate 
measurement of the temperature of the delay-line it- 
self represents the limiting factor. This is especially 
noticeable with larger delay-lines which require a 
long period for warm-up and which may be difficult 
to maintain at a uniform temperature in the test oven. 
For f used-quartz delay-lines, the temperature co- 
efficient of delay is approximately 70 parts permillion 
per degree centigrade and a temperature stability of 
about + 1°C can be achieved without difficulty. This 
is sufficiently good in most cases. 

For very short delays of a few microseconds the 
method just described is inconvenient and insuf- 
ficiently accurate. A special, narrower pulse could 
probably be used but, in practice, an unmodulated 
(c.w.) input is selected (see Fig. 1) and the counter 
is used to measure the carrier frequency itself. Meas- 
urement of delay is accomplished by carefully adjust- 
ing the carrier frequency and the attenuator to give a 
null on the output oscilloscope display. Thus the 
delay-path will be longer than the direct path by an 
odd, integral multiple of carrier half-periods, assuming 
no reversals of polarity to occur in the equipment. 
The frequency corresponding to the null is now meas- 
ured using the counter and its value is recorded. This 
procedure is repeated for a small number of adjacent 
carrier frequencies close to the centre of the pass- 
band, each frequency being carefully recorded. The 
actual delay is now calculated as follows: 

i) An approximate value for the delay is obtained by 
computation, taking the reciprocal of the difference 
between two adjacent null-frequencies. 

ii) The precise delay is that value nearest to the 
value obtained in (i) which can be obtained by 
multiplying the carrier half-period by an odd whole 
number. Apart from any slight effects due to dis- 
persion in the delay-line, each frequency should 
give the same value of delay, within normal experi- 
mental limits, and a final result is obtained by 
averaging. 



To preserve accuracy it is also necessary to 
measure and allow for the delay in the circuits ex- 
ternal to the delay-line. This is accomplished using 
similar techniques to those just described, a check 
being made at the same time for any unknown reversals 
in polarity within the test equipment. 

5.3.4. Other Measurements 

'Swept' response/frequency characteristics are 
also measured, of both the delayed and undelayed 
paths, and a photograph of the display is preserved 
for record purposes. This provides a quick routine 
check and is also a useful indicator of ripples in the 
response/frequency characteristic of the delay-line. 

In addition, a vision signal is obtained from 
either a television test card or a line-frequency saw- 
tooth waveform and is passed through the delay line, 
after which it is demodulated and examined on a tele- 
vision picture monitor. A subjective appraisal of 
performance is thus made which is particularly valu- 
able in observing the effects of spurious signals in 
cases of marginal acceptability. 



6. EXAMINATION OF RESULTS 

As the test proceeds, the printed form and graph 
are completed and a comparison between the speci- 
fication and test report is made. In general, the 
specification must be adhered to, but occasionally it 
may be decided that the specification is over-stringent 
and a delay-line may be accepted when outside the 
specification by a small amount. Figs. 4 and 5 illus- 
trate a completed table and graph in a typical case. 
With reference to Fig. 4, it will be seen that a direct 
comparison can be made between the measured and 
specified figures and that the line in question fails 
on account of the high levels of spurious signals. 
Fig. 5 illustrates the response/frequency character- 
istic for the same delay line as well as the spurious 
signals. It will be seen that the measured band centre 
frequency differs by about 1-5MHz relative to the 
specified value but this is unimportant in this case 
because of the abnormally wide passband. It will 
also be seen that the main cause of failure is the 
'third-time-round' secondary signal which is well 
outside the specification at all frequencies lower than 
27 MHz. The specified maximum secondary signal 
levels in the example shown are relaxed in regions 
near the edges of the band and this can be seen 
graphically in Fig. 5. 



7. CONCLUSIONS 

A satisfactory system has been established for 
the testing of ultrasonic delay lines for use in tele- 
vision and the methods used have been agreed by the 
principal manufacturers. Using these methods a delay 
line can be tested completely within 24 hours. 
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ULTRASONIC DELAY LINE TEST REPORT 



MANUFACTURER:- . . . . ■ . - NOMINAL D 

TYPE No.:- .... . . . . MATERIAL- 
SERIAL No.:- . . 



ELAY:- .^P'.^JJUS &\ .1{-C . °C. 



< 



TRANSDUCER IMPEDANCE 

Input (1) 
Output (2) 

TRANSDUCER LOADING 

Input (1) 
Output (2) 

DELAY AT OPERATING TEMPERATURE 
AT OTHER TEMPERATURE 

* INSERTION LOSS 



* MAX. SLOPE OF INSERTION LOSS 



* MAX. LEVEL OF SECONDARIES 
RELATIVE TO MAIN SIGNAL 

Direct Breakthrough 
Third-Time- Round 
Largest Before Main 
Largest After Main 
Other 

TEMPERATURE COEFFICIENT OF DELAY 

TEMPERATURE COEFFICIENT OF 
INSERTION LOSS 



MEASURED 


BBC SPECIFICATION 


66 -/p/ 

JWtfJis at A0°c. 
&37/xs at 2,-b °C. 

O dB at Zh MHz 

S5 dB at 3©MHz 

■+-2*dB at 36 MHz 

1 dB/MHz at ZS MHz) 
0$ dB/MHz at 37 MHz) 

-USdB at 3 3 MHz) 

-37 dB at 2 h MHz) 
-4£dB ai ££ MHz) 

dB at MHz) 
dB at MHz) 

iTI parts/million/t. 
0-os7dB/^C 


4 SOOf^. 

1 7 SQl 

ft-3/is at 4-0 °C. 

*>* 
>£dB at Zk MHz 
^60dB at 3oMHz 
-3 cJB at 36 MHz 

^dB/MHz from 
£AMHzto 36 MHz 

-<4&dB from ZS MHz 
to 33 MHz 
rising to 
-40dB at Zh-UHz 
and 36 MHz 

(jooparts/million/^. 
^adB/°C 



* See Transmission/ Frequency Characteristic Date Received .^>.O0A4M^\. Si WO 

^^%d£M^ *o UW *r z>o rftfe. Tested ^ J^^ri . tffa 

Remarks:- ^4f£^J U^sme. (H ^CODJU^ Installed . . .-TT". 

<iOU?WUO S640M? W&& Returned . 

Fig. 4 - Typical completed test form 
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